Abstract: NiO nanoparticles with an average size of 15 nm were prepared by a simple, reproducible and low-cost controlled method, using nickel nitrate hexahydrate (Ni(NO 3 ) 2 ⋅6H 2 O). These nanoparticles were added to an agarbased polymer electrolyte formula, resulting, after reflux and solution casting, in a proton conducting membrane. The highest ionic conductivity values of 5.19×10
Introduction
The accelerated population growth, environmental pollution and energy critical global issues lead to development and application of renewable and environmentally friendly energy materials. This new tendency starts to become the field of materials science in a deeply important and active side [1] . Fields as aerospace, electronic circuitry, computing architecture [2, 3] , new energy storage devices [1] , and solid-state electrochemical devices started to adopt the eco-friendly materials in their product research and development. Particularly, rechargeable batteries, electrochromic displays, capacitors, sensors [4, 5] , supercapacitors [6] , and electrochromic glasses [7] are the most researched solid-state electrochemical devices, which can suffer modifications. In such context, the development of polymer electrolyte materials is a challenge to be faced by scientific research [1, 2] .With this regard the best candidates for such applications can be ceramics and polymers, including natural ones and resulting in hybrids or gels ionic conducting membranes [5, 8] . Ionic conductivity of poly(ethylene oxide) (PEO) was firstly observed by P.V. Wright in 1973 but its real technological importance was realized only in early 1980's [9] . The last few years, poly(ethylene oxide) has been widely studied in many laboratories [5] . However, as PEO is a synthetic polymer some attention has thus been shifted to the use of natural macromolecules because of their biodegradability, low production cost, good physical and chemical properties and good membrane formation properties. Thus, more recently natural polymer-based electrolytes, such as hydroxyethyl cellulose [10] , starch [11] , chitosan [12] [13] [14] , gelatin [15, 16] , and agar [17] [18] [19] were also proposed. The analyzed samples revealed that similarly to the poly(ethylene oxide)-based electrolytes [20] [21] [22] , the charge carries can be either Li + species [23] or protons [12, 15] . Also both, hopping and/ or vehicular mechanism of the conducting species are responsible for ionic conductivity properties [24] . In the case of hopping model the ionic movement is due to the ions displacement between coordination sites. In the vehicular model, the low glass transition temperatures allow to free volume creation, which promote the segmental motion of the polymer chains facilitating the ions migration and consequently ionic conductivity [25] . Aiming to increase the ionic conductivity values of the polymer electrolytes some additives as plasticizers and/ or fillers are used [12, 26] . Concerning the ceramic fillers it was found that ionic conductivity is strongly dependent on the particle size and concentration [26] . It was found that small sized particles and low quantities promoted an increase on ionic conductivity values of the samples [26] . Attending the new research tendencies the present article describes preparation and characterization of agar-based polymer electrolytes with NiO nanoparticles. As mentioned above an appropriate concentration of NiO nanoparticles may cause an ionic conductivity improvement. Aiming to verify the influence of the NiO nanoparticles on ionic conductivity values of the agar-based proton conducting electrolyte membranes different NiO quantities were added and studied by electrochemical, spectroscopic and microscopic analysis. Thus, AC impedance spectroscopy was used to study the influence of NiO nanoparticles concentration and the temperature on the ionic conductivity. The
surface morphology of the films was obtained by SEM; the structure was examined by X-ray diffraction measurements and the transmittance was measured by UV-Vis spectroscopy.
Experimental Details

Nickel oxide nanoparticles preparation
The NiO nanoparticles were prepared using slightly modified synthesis described by Yong Hu et al. [27] . Chemical reagents were used without purification. Figure 1 illustrates the flow diagram of the NiO nanoparticles preparation. First, 0.01 mol of the Ni(NO 3 ) 2 ⋅6H 2 O (Vetec  ) was introduced to a round bottom flask and dissolved in 100 mL of nontoxic ethylene glycol (Synth  ).The solution was stirred under reflux at 190 °C for 3 hours and then cooled to room temperature. Finally, the nickel oxide nanoparticles were collected by centrifugation at 6,000 rpm for 30 min., using 3K30 centrifuge and dried at 100 °C for 24 hours.
Polymer electrolytes with NiO nanoparticles
The electrolytes were obtained according to procedure described by Raphael et al. [18] . 
Characterization techniques
Impedance spectroscopy
The ionic conductivity measurements of the electrolyte-NiO samples with area of 1.5 cm 2 were then carried out using SOLARTRON instrument model SI-1260 with the frequency response analyzer module. The samples were pressed between two steel electrodes in a Teflon  cell under vacuum. The bulk resistances (R b ) of the electrolyte-NiO samples were obtained from the impedance spectrum collected over frequency range between 0.1 Hz and 10 7 Hz with amplitude of 5 mV.
X-ray diffraction
The structures of the electrolyte films with and without NiO were examined by X-ray diffraction. The diffraction patterns were obtained with SHIMADZU model XRD 6000, with CuKα radiation (λ=1.5418 Å) in an angle range (2θ) of 10 to 80°.
UV-Vis spectroscopy
The UV-Vis optical spectra were recorded with an Agilent Instruments Spectrophotometer, operating in the190-1100 nm range. 
Results and Discussions
The ionic conductivity depends on several factors, such as ionic conducting species concentration, cationic or anionic types of charge carriers, the charge carriers mobility, the influence of nanofillers and the temperature [28] . Figure 3 movement of polymer chain segments and the dissociation of acetic acid. In fact, an incomplete semicircle is observed in Figure 3 that suggests the appearance of a capacitive component at high frequencies. As the blocking electrode was used in the experiment, thus conductive ions cannot easily cross the electrode/electrolyte interface [29] . The increase in the ionic conductivity with the temperature can be also interpreted as a hopping mechanism between coordinating sites, assisted probably by local structural relaxations and segmental motions of the polymer system [30] [31] [32] . Figure 4 reveals Arrhenius plots for agar-based electrolyte with 0.25 g of NiO nanoparticles in room to 70 °C temperature range. Figure 5 shows typical X ray diffraction patterns obtained for the agar powder and agar based electrolytes with and without NiO nanoparticles. All diffractograms show broad diffuse band centered at about 2θ = 20° including the film with higher amount, i.e., 0.26 g of NiO nanoparticles. This result indicate that there is no influence on the pattern of the diffraction with addition of different concentration of NiO, maintaining the amorphous character of the films. This can be due to the presence of plasticizer in the sample. Similar behavior was already observed in the starch-based electrolytes, where an addition of plasticizer insured the amorphous character of the samples [10, 15] . The good homogeneity without any phase separation and very good surface uniformity of the agar-based electrolyte was also previously reported [18] . However, Figure 6 show that the addition of NiO changed the morphology of the films, when compared with the membranes reported by Raphael et al. [18] . Small long and light files are observed on SEM image, which can be atributed to the preferential nanoparticles and or polymer accumulation.
Nevertheless, the electrolyte sample with NiO nanoparticles was translucent, as confirmed by optical transmittance spectrum of the electrolytes in the 200-1000 nm range ( Figure 7 ) and picture on Figure 7 (inset). From this figure it can be stated an increase of the transmittance of 0 % at 280 nm to 75 % at 633 nm in the visible region. The analysis of the presented results also revealed similarities to the results obtained with the samples based on chitosan [15, 18] . Polímeros Audeh, D. J. S. A. et al.
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Conclusions
Polymer electrolytes based on agar and containing NiO nanoparticles were prepared and characterized by impedance spectroscopy, X-ray diffraction and UV-Vis spectrosopy. The obtained results confirmed that the NiO nanoparticles concentration in the membrane formulation influenced the ionic conductivity values achieving the best value of 5.19×10 −5 S/cm at room temperature for the sample with 0.25 g of NiO. It was also stated that the increase in temperature up to 80 °C promoted an increase in the ionic conductivity to 3.32x10 -4 cm -1 S/cm. Moreover, the samples were predominantly amorphous with almost uniform and homogeneous surfaces and transparency of 75 % in the visible range of the electromagnetic spectrum. Finally, all the presented results suggest that agar-based polymer electrolyte with NiO nanoparticles are promising candidates for electrochemical devices application.
